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論 文 内 容 要 旨 
 
Chapter 1  Introduction 
The design and construction of functional materials that show tunable charge states triggered by external stimuli is 
an attractive theme in the field of molecular materials chemistry. The variation of the charge state is accompanied 
by the changes of structures and spin states, leading to the dynamic changes of electronic/magnetic properties as 
the switchable materials. The key factor to design such molecular systems showing external-stimuli induced 
charge-state modifications is the selection of appropriate redox-active electron donor (D) and acceptor (A) 
constituent units. In recent years, materials comprising the redox active ligands of tetraoxolene species (anilate; 
Ann−), have already attracted the attention of researchers due to their flexibility of the molecular structures and 
intriguing characteristics, such as tunable or interesting magnetic properties. The aim of the thesis involves the 
demonstration of the variously changing charge ordered states in the tetraoxolene-bridged two-dimensional 
layered compounds. 
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Chapter 2  Experiments 
All the target compounds we synthesized are two-dimensional honeycomb layered frameworks. The solvated 
compound (NPr4)2[Fe2(Cl2An)3]·2(acetone)·H2O (1) was prepared by a slow diffusion of an acetone solution 
containing H2Cl2An (chloranilic acid) (top layer) into an aqueous solution containing FeCl2 and NPr4Br (bottom 
layer). The crystallization solvents inside the pores and interlayer space in 1 were removed by evacuation at room 
temperature, to produce the desolvated compound (NPr4)2[Fe2(Cl2An)3] (1-d). Compound 
(NBu4)[MnCr(Cl2An)3] (2) was synthesized by a solvothermal method using MnCl2 and precursor 
(NBu4)3[Cr(Cl2An)3] as starting materials. Compound (H3O)2(phz)3[Fe2(Cl2An)3] (3) was prepared through 
removing the crystallization solvents inside the pores of reported material 
(H3O)2(phz)3[Fe2(Cl2An)3]·(CH3COCH3)n·(H2O)n. 
 
Chapter 3  Charge transfer in a solvated compound of (NPr4)2[Fe2(Cl2An)3]·2(acetone)·H2O 
This chapter describes the first examples of two-dimensional Fe-based layered compound bridged by 
tetraoxolene-ligand exhibiting thermally driven electron transfer (TDET). The TDET behavior was investigated 
by X-ray crystallography, magnetic data, and 57Fe Mössbauer spectroscopy. Solvated compound 1 
((NPr4)2[Fe2(Cl2An)3]·2(acetone)·H2O) underwent a one-step thermally driven electron transfer (TDET) at T1/2a 
= 237 K between Fem+ (m = 2 or 3) and Cl2Ann− (n = 2 or 3) that induced valence modulations between 
[(Fe3+HS)2(Cl2An2−)(Cl2An•3−)2]2− (low temperature (LT) phase) and [Fe2+HSFe3+HS(Cl2An2−)2(Cl2An•3−)]2− (IM: 
intermediate phase). The low-temperature phase valence set can be regarded as a magnetic chain-knit network, 
where ferrimagnetic Δ and Λ chains of [Fe3+HS(Cl2An•3−)]∞ are alternately linked by the diamagnetic Cl2An2−. 
This result attributed to the structure acting as a single-chain magnet at lower temperatures. 
 
Chapter 4  Reversible control of charge states in a Fe/Cl2An system via external stimuli 
This chapter describes the crystal structure, physical properties of desolvated compound of 1-d. Compound 1 
showed single-crystal-to-single-crystal transformation associated with release of crystal solvent molecules to form 
a desolvated compound of 1-d. A two-step TDET behavior for 1-d was observed with transformation between LT, 
IMd (charge-disordered state), and high temperature (HT) phases: [(Fe3+HS)2(Cl2An2−)(Cl2An•3−)2]2− at T < 317 K 
(= T1/2b); [(FeHS)25+(Cl2An2−)(Cl2An)2•5−]2− at 317 K < T < 354 K; and [(Fe2+HS)2(Cl2An2−)3]2− at T > 354 K (= 
T1/2c). Furthermore, the reversible transformation between 1 and 1-d phases can be realized by 
solvation/desolvation cycles, resulting in the efficient switching of TDET behavior and magnetic property. 
Consequently, the transformation between these four accessible charge states (LT (1/1-d), IMo (1), IMd (1-d), and 
HT (1-d)) was successfully realized by two different external stimuli, temperature control and guest molecules 
desorption/adsorption.  
 
Chapter 5  Acceptor-site doping effects of dynamic electronic states in two-dimensional Fe-tetraoxolene 
honeycomb networks 
This chapter describes a series of doped compounds (NPr4)2[Fe2(Cl2An)3−3x(Br2An)3x] (x: doping ratio) prepared 
by acceptor-site doping using bromanilate (Br2An2–). Due to a lower electronegativity of -Br group than -Cl group, 
systematic tuning of the electron transfer temperatures through the control of the ratio of H2Br2An in starting 
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materials was firstly demonstrated. This doping method in target compounds provides an effective way to the 
design of various temperature sensor in practical applications. 
 
Chapter 6  Magnetic phase switching in a series of tetraoxolene-metal compounds using a lithium ion 
battery system 
This chapter describes the electrochemical control of magnetic phases and charge states in the 
tetraoxolene-bridged two-dimensional honeycomb-layers (metal-Cl2An) using lithium-ion battery (LIB) system. 
First, the author demonstrated the reversible modification of the magnetic phase stability of Mn/Cr-Cl2An (2) with 
a Tc (magnetic phase transition temperature) value between 10 K for the pristine and 36 K for the reduced form. 
The generation of the paramagnetic radical (Cl2An•3−) in the edge of hexagonal moieties of an Fe-based 
Cl2An-bridged two-dimensional honeycomb framework, allowed the formation of long-range magnetic 
correlations over the network with a relative high Tc. The Tc of related Fe-Cl2An layered compound (1-d) was 
also reversible improved from 14 K to 100 K using an LIB system. LIB method also demonstrated that the Tc 
value was changed to 128 K in compound 3 because of the newly generation of radical spins on the bridging 
ligands. 
 
Chapter 7  Summary 
In this doctoral thesis, the author succeeded in the construction of functional molecular materials that show 
tunable charge states triggered by external stimuli. Two effective strategies were employed in this research to tune 
the charge states and physical properties in target compounds: (I) control of intra-lattice electron-transfer between 
electron donor (D) and acceptor (A) via external stimuli; (II) control of external electron-insertion/extraction via 
electrochemical methods. The corresponding intrinsic properties of target compounds, such as magnetic properties, 
and electronic properties, were changed with the variation of charge states. 
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論文審査の結果の要旨 
 
熱などの外部刺激に応答して電子移動を示す分子系として、原子価互変異性や中性−イオン
性転移を示す金属錯体や有機分子などが古くから知られている。これらは、電子移動に伴う
電子状態変化によって電子的・磁気的性質の変化を示す興味深い物質系の一つである。  
本博士論文は、遷移金属イオンをテトラオキソレン誘導体によって架橋した二次元層状集
積体に着目し、物理的外部刺激や化学ドーピング及び電気化学的手法を用いた多様な電子状
態変換について明らかにしたものである。第 1 章は序論、第 2 章は本論文で記述される化合
物の合成と同定についてまとめられている。第 3 章では、鉄イオンとクロラニル酸配位子か
らなる二次元層状集積体における熱誘起分子内電子移動について示されている。二次元構造
でありながら、磁気相関は一次元的であり、極低温において単一次元鎖磁石挙動を示すこと
が発見された。また、第 4 章では第 3 章で記述された二次元層状集積体の層間結晶溶媒の脱
離に伴う電子状態変化について明らかにしている。溶媒脱離に伴い構造変化を示し、脱溶媒
試料は熱誘起二段階分子内電子移動によって 3 タイプの電荷秩序状態を示すことが明らかに
された。これは、溶媒分子の吸脱着という化学的摂動と熱という物理的摂動によって、物質
系の電荷秩序状態を多様に変換した希な例である。第 5 章では、第 3 章及び第 4 章で述べた
熱誘起分子内電子移動を示す二次元層状化合物に対して、電子アクセプター性の異なるテト
ラオキソレン誘導体を部分添加する化学的手法を用いて電子移動温度を自在に制御すること
が述べられている。本成果は、化学的ドーピング手法によるサイトドープの添加量に依存し
て任意な温度での電子状態変換を示す物質系を設計可能であることを示している。第 6 章に
おいては、酸化還元活性な二次元層状集積体をリチウムイオン二次電池の正極材料として組
み込むことで、充放電に伴うテトラオキソレン架橋配位子の酸化還元によって磁性相転移温
度をスイッチすることが可能であることを証明している。  
以上の成果は、外部刺激や電気化学的手法による電子状態変換を示す物質系の設計に関す
る新たな知見を提示するものであり、極めて意義のあるものである。これらのことから、自
立して研究活動を行うに必要な高度の研究能力と学識を有することを示している。したがっ
て，陳健氏提出の博士論文は，博士（理学）の学位論文として合格と認める。  
